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The glass system (45Li2O + 45B2O3 + 10Nb2O5) was fabricated by the conventional melt quenching tech-
nique poured in water, at air, between two hot plates and droplets at the cooled surface. The glass and
glass ceramics were studied by differential thermal analysis (DTA) and X-ray diffraction (XRD).
The as quenched samples poured in water and between two hot plates were amorphous. The samples
poured at air and on cooled surface were crystalline as established via X-ray powder diffraction (XRD)
studies. Differential thermal analysis was measured. The glass transition temperature (Tg) and the crys-
tallization temperatures were calculated.
Lithium niobate (LiNbO3) was the main phase in glass ceramic poured at air, droplets at the cooled sur-
face and the heat treated glass sample at 500, 540 and 580 C in addition to traces from LiNb3O8. Crys-
tallite size of the main phases determined from the X-ray diffraction peaks is in the range of <100 nm.
The fraction of crystalline (LiNbO3) phase decreases with increase in the heat treatment temperature.
 2012 Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
In recent years there has been a considerable amount of interest
in the preparation, and study of the physical properties of nano
particles with ferroelectric properties (BaTiO3, PbTiO3, LiNbO3,
LiTaO3, etc.) embedded in a glass matrix [1,2].
Lithium niobate (LiNbO3) is an important ferroelectric material
due to its excellent pyroelectrical, piezoelectrical and photo refrac-
tive properties, and it is used for the fabrication of active wave
guides, modulators, and switches for application in integrated opti-
cal circuits [3]. Glass–ceramics with the ferroelectric crystal phase
seems to be an interesting alternative due to its relatively low
preparation time and costs [3,4].
Syam Prasad and Varma studied the nano crystallization of LiN-
bO3 and demonstrated in a reactive glass system LiBO2–Nb2O5.
Compositional dependence of dielectric properties of these glass
nano composites indicates an increase in the LiNbO3 volume frac-
tion with an increase in Nb2O5 content based on the crystallization
kinetic studies [5].
Graca et al. studied the molar composition 34SiO2–33Li2O–
33Nb2O5 that gives origin to a homogeneous and yellow glass
where LiNbO3 nano crystals were precipitated in the glass
matrix by a controlled HT process. The results suggest that theY-NC-ND license.electrical properties can be ascribed to two contributions, the free
network modiﬁers in the glass matrix and the particle characteris-
tics. The network modiﬁers dominate the dc conductivity
process. The number and size of the particles control the dielectric
process [6].
Kashif et al. studied the glass composition (90 mol% Li2B4O7–
10 mol% Nb2O5). The LiNbO3 and Li2B4O7 nanocrystals were precip-
itated in the glass matrix by a controlled heat treatment process.
The rise of the heat treatment temperature and time induces an in-
crease in the volume ratio of LiNbO3 to the glass matrix, which
makes the sample opaque. The crystallite size in the nanometer
scale has been observed with increase in the heat treatment tem-
perature and time. The number of lithium and niobium ions in-
serted structurally in the glass network is the main parameter of
this glass–ceramic conduction process. The results suggest that
the electrical properties can be ascribed to two contributions, the
free network modiﬁers in the glass matrix and the particle charac-
teristics. Transition from insulating (paramagnetic) to metallic
(ferromagnetic) phase occurs at Tp = 398 K. This phase is semicon-
ducting for T > Tp, and metallic for T < Tp [7].
The main goal of the present work is the preparation of the
45B2O3–45Li2O–10Nb2O5 (mol%) glass composition, by the melt-
quenching method, and glass–ceramics with LiNbO3 particles
through a heat-treatment process. The studies of the structural
changes of the samples, due to the treatment conditions, were
studied.
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2.1. Glass and glass–ceramic preparation
A glass with the molar composition 45B2O3–45Li2O–10Nb2O5
(mol%) was prepared by melt-quenching. This composition enables
the formation of a transparent glass suitable for optical applica-
tions. The glass was prepared from reagent grade boric acid
(H3BO3), lithium carbonate (Li2CO3) and niobium oxide (Nb2O5),
the reagents, in appropriate amount were mixed. The mixture
was heated in a platinum crucible at 300 C for half an hour (to re-
move the CO2 from the Li2CO3) and melted at 1200 C for 2 h. The
molten material was quenched in water, at air, small moving poles
on cooled surface and on a hot copper plate and pressing by a sec-
ond plate, to obtain ﬂat samples; the result was a colorless and
transparent glass.
To obtain the glass–ceramics, the as-prepared sample was heat-
treated (HT) in a furnace at 450, 470, 500, 540 and 580 C (for 2 h)
with a heating rate of 25 C/min. These temperatures were chosen
in agreement with the result of the differential thermal analysis.3. The measurements
The differential thermal analysis (DTA) was performed on a SHI-
MADZU DTA-50 ANALYZER in the temperature range of 25–
1000 C, with a heating rate of 30 C/min using Al2O3 as reference.
The X-ray diffraction patterns were obtained at room temperature,
using powder samples, in a Philips X’Pert system, with a Ka radia-
tion (k = 1.54056 Å) at 40 kV, and 30 mA with a step of 0.05 and a
time per step of 1 s.4. Results and discussion
Fig. 1 shows the XRD patterns of the base glass untreated sam-
ple, poured in water, at air, small droplets on cold surface and be-
tween two hot copper plates.Fig. 1. The XRD patterns of the base glass untreated sample, poured in water,From it can be observed that the sample poured in water and
between two hot copper plates are characteristic of the amorphous
structure conﬁrming the absence of crystalline phase.
The sample poured at air and small droplets on cold surface, is
opaque. It indicates the presence of crystalline in glass matrix,
which is conﬁrmed by XRD as shown in Fig. 1. The XRD was de-
tected in the presence of LiNbO3 phase. In addition, observed that
the intensity of the LiNbO3 phase, formed by small droplets on cold
surface is larger than the intensity of the phase formed when
poured at air.
Fig. 2 shows the DTA curves of the (Li2B4O7, Nb2O5) glass as pre-
pared sample poured in water, at air, small droplets on cold surface
and between two hot copper plates. Fig. 3 shows the DTA curves of
the glass sample as prepared sample, poured between two hot cop-
per plates and heat treated at 450, 470, 500, 540 and 580 C. This
ﬁgure shows the presence of an endothermic peak that indicates
the value of Tg and exothermic peaks that represent the crystalliza-
tion temperature. The as prepared sample was heat-treated at a
temperature around this value and measured each time at DTA.
In addition, Fig. 3 shows that the exothermic peak disappeared
when sample is heat treated at and higher than 500 C.
Fig. 4 shows the XRD pattern of the untreated sample poured
between the two hot plates and the heat-treated sample at 450,
470, 500, 540 and 580 C for 2 h.
From Fig. 4, it can be observed that the XRD diffraction pattern
of untreated glass sample and heat treated at 450 and 470 C
shows a broad halo peaking at around a diffraction angle of
2h = 24,characteristic of an amorphous structure and conﬁrming
the absence of crystal in the untreated and heat treated samples
at 450 and 470 C.
The heat treatments at 500, 540 and 580 C make the sample
opaque. This optical characteristic indicates the presence of crys-
talline in glass matrix, which was conﬁrmed by the XRD as shown
in Fig. 2. The XRD patterns of the heat treated sample for different
temperatures detected the presence of LiNbO3 and traces of Li2B4-
O7 and LiNb3O8. In addition, the heat treated above 500 C indi-
cates that the increase of the heat treatment temperature favors
the increase of the Li2B4O7 and LiNb3O8 phases and decrease ofat air, small droplets on cold surface and between two hot copper plates.
Fig. 2. The DTA curves of the (Li2B4O7, Nb2O5) glass as prepared sample poured in
water, at air, small droplets on cold surface and between two hot copper plates.
Fig. 3. The DTA curves of the glass sample as prepared sample, poured between two
hot copper plates and heat treated at 450, 470, 500, 540 and 580 C.
Table 1
The crystalline LiNbO3 phase amount and crystallite size of sample poured on cold
plate (at air), heat treated sample and droplet.
Sample Crystallite size (nm) Crystallite (%)
At air 82 100
Droplet 23 100
HT at 500 for 2 h 22 99
HT at 540 for 2 h 27 96
HT at 580 for 2 h 49 95
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of the heat treatment temperature favors the decrease of the vol-
ume ratio between crystallites (LiNbO3) and the glass matrix.Fig. 4. The XRD pattern of the untreated sample poured between the two hot pThe crystallite size for major phase was estimated using the
Scherrer equation;
L ¼ kk=b cos h
where L is the mean dimension of the crystallite, k is a constant
approximately equal to unity, k is the wavelength used (1.5406 Å),
b is the full-width at half maximum in radians (obtained for high in-
tense peak in the present studies) and h is the related Bragg angle.
From Table 1 it can be seen that the crystallite size depends on the
heat treatment temperature. This is related to the formation and
change of LiNbO3 and Li2B4O7 crystallite. In addition, the crystallite
size of LiNbO3 phase form when poured on cold plate (at air) is lar-
ger than the LiNbO3 crystallite size for all heat-treated samples and
droplet.
The crystallization of glass involves nucleation and crystal
growth processes. The crystallization process is divided into
homogenous and heterogenous nucleation. The homogenous
nucleation deals with the process that nuclei precipitate in a
homogenous supercooled liquid. However, the heterogenous
nucleation is applied to the process where nuclei form at the inter-
face between a supercooled liquid and the other substance.
To determine the heat-treatment condition for crystallization of
glass, it is essential to know the temperature dependence of the
nucleation rate and the crystal growth rate. These are expressed
by equations expressed below [8,9].
I ¼ vnsn exp½ðDEþ DGÞ=kT ð1Þlates and the heat treated sample at 450, 470, 500, 540 and 580 C for 2 h.
Fig. 6. The relation between Ln[–Ln(1x)] versus Ln u.
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number of atoms surrounding the critical nucleus, n is the number
of atoms per unit volume, DE is the activation energy of the atom to
traverse the interface, DG⁄ is the free energy change for the forma-
tion of the critical nucleus, k is Boltzmann’s constant, and T is the
temperature.
U ¼ vk expðDE=kTÞ½1 expðmDgm=kTÞ ð2Þ
where U is the rate of crystal growth, k is the thickness of the crystal
per atom, m is crystal volume formed by one atom, and Dgv the dif-
ference in free energy between crystal and the melt per unit
volume.
Or given by
U ¼ CT=g½1 expðVDgnu=RTÞ ð3Þ
where C is a constant, V is the molar volume, and R is gas constant.
The rate of nucleation (I) is the number of nuclei formed within
a certain period of time.
The rate of crystal growth (U) is the distance of crystal growth
within a certain period.
The intensity of the XRD peaks was found to increase with
increasing heat treatment temperature. This is due to an increase
of energy given to samples, which in turn increase the probability
the crystallization will take place. The effect of heat treatment on
the crystallinity and the phase transition of nanoparticle phase
do not depend a great deal on their synthesis technique. The heat
treatment will always enhance crystallinity and at certain temper-
ature the phase transition will occur. XRD spectra is given in Fig. 4
using to compare the crystallinity of the samples deposited at dif-
ferent temperatures for heat-treated.
The glass sample forms the major LiNbO3 crystalline phase on
its heat treatment by the following reaction:
Li2Oþ Nb2O5 ! 2LiNbO3
In addition, traces of LiNb3O8 and Li2B4O7 crystalline phases are
formed by the following two reactions:
Li2Oþ 3Nb2O5 ! 2LiNb3O8
And
Li2Oþ 2B2O3 ! Li2B4O7
The volume fraction of two phases (LiNb3O8 and Li2B4O7) increases
as compared to the volume fraction of LiNbO3 phase with increas-
ing heat treatment temperature. It is because of the fact that the
activation energy for crystallization of two phases LiNb3O8 and Li2-
B4O7 is higher than the activation energy of major phase.
In general, the fall width at half maximum of the XRD peak cor-
responds to the particle size of the materials. When the width is
broader, the particles exhibit smaller size, XRD results indicate thatFig. 5. The non-isothermal DTA curves for the sample poured between two hot
copper plates at different rate, u, up to 10, 20, 30 and 40 C/min.two theta values do not change with heat treatment temperature.
The heat treatment temperature has a direct effect on the particle
size. The higher heat treatment temperature leads to the formation
of a larger nanoparticle size. This may be due to the agglomeration
during heat treatment.
Fig. 5 shows the non-isothermal DTA curves for the sample
poured between two hot copper plates at different rate, u, up to
10, 20, 30 and 40 C/min. it is clear that the peak becomes shaper
as heating rate increases.
The theoretical basis for interpreting DTA results is provided by
the formal theory of transformation kinetics as developed by the
special case of Johnson–Mehl–Avrami equation [10–12].
X ¼ 1 expfðktÞng
where X is the volume fraction of crystallization phase at a given
temperature in time t, n is Avrami exponent and K is deﬁned as
the effective overall reaction rate, related to the activation energy
E through the Arrhenius temperature dependence as
K ¼ Ko expðE=RTp; Þ
where E is the effective activation energy describing the overall
crystallization process (the activation energy is the ability or capac-
ity to do work or produce a change in structure or formed new
materials and it is greater than the bond energy), Ko is the exponen-
tial constant, R is the gas constant and Tp is the crystallization abso-
lute temperature. The fraction of crystallization at constant
temperature for different heating rates is assumed proportional to
the amount of heat evolved during crystallization, which is propor-
tional to the area under the exothermic peak, and the Avrami expo-
nent, is related to the directionality of crystal growth. The value of
n, can be determined from the slope of plotting the relation be-Fig. 7. The relation between Ln(U/Tp) and 1000/Tp.
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relation [12]
dLn½Lnð1 xÞ=d Lnu ¼ n
where u is the heating rate.
The deduce value of n equals about 2.845, which revealed that
the crystallization process had occurred with three mechanisms
and a bulk crystallization growth [13].
The activation energy of crystallization process of glass sample
has been calculated by the method of Ozawa and Chin [14,15]
according to equation:
lnðTp=UÞ ¼ ð1=n lnKoÞ þ E=RTp
The activation energy for crystallization determined from the slope
of the strain line, which is plotted from the relation between Ln(U/
Tp) and 1000/Tp as shown in Fig. 7. From it can be observed that the
value of the activation energy of crystallization of three phases
equals 143 kJ/mol.
5. Conclusions
The glass composition 45Li2O–45B2O3–10Nb2O5 (mol%) gives
origin to homogeneous glass samples that were fabricated by the
conventional melt quenching technique poured in water, at air, be-
tween two hot plates and droplets at the cooled surface. The asquenched samples poured in water and between two hot plates
were amorphous. The samples poured at air and on cooled surface
were crystalline.
The LiNbO3 nanocrystals were precipitated in the glass matrix
by a controlled heat treatment process and glass ceramic poured
at air and droplets at the cooled surface. The rise of the heat treat-
ment temperature induces a decrease in the volume ratio of LiN-
bO3 to the glass matrix, which makes the sample opaque.
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